Objectives: Surgical approaches for odontoid resection have traditionally utilized a transoral microscopic technique, which may carry significant morbi dity. Endonasal endoscopic odontoid resection represents a new technique that provides direct, minimal access to the odontoid process. We conducted a systematic review of case series and case reports to assess the role of endoscopy in the management of ventral cervicomedullary compression. Methods: MEDLINE (1950MEDLINE ( -2010) database search to identify relevant studies. Clinical outcomes were classified into " improved " , " stable " , or " deteriorated " groups. Statistical analyses of categorical variables were carried out by using χ 2 and Fisher ' s exact tests. Results: The endonasal cohort had a significantly lower rate of soft palate incision (0.0% vs. 33.6%; P = 0.005). In the endonasal cohort, there were no cases of postoperative soft palate repair, atlanto-occipital instability, cerebrospinal fluid leak, or meningitis. Patients in the endonasal group had a shorter time to extubation (P < 0.0001) and oral feeding (P = 0.0025). There was a significantly higher percentage of patients with improved outcome in the endonasal cohort (100% vs. 73.3%; P = 0.009). Conclusions: Our systematic review supports the endonasal endoscopic approach as a safe and effective alternative to traditional transoral surgery for odontoid lesions. Careful patient selection is critical to obtaining satisfactory removal and low postoperative complications.
Introduction
Odontoid resection may be indicated in ventral cervicomedullary compression secondary to basilar invagination, fractures of the odontoid process, rheumatoid arthritis, degenerative disease, and craniospinal malformations [ 14 , 20 , 32 , 35 , 41 ] . The transoral approach to the odontoid process has traditionally been used for surgical resection of extradural lesions at this location, as it allows exposure of the lower clivus and the cervical spine down to C2 by a midline incision of the pharyngeal wall using a mouth retractor and oral intubation. This approach, however, may carry significant surgery-related morbidity, often requiring soft palate splitting, hard palate resection, and a lengthy recovery of normal respiration and alimentation with increasing infection rate and potential tracheostomy [ 5 , 6 , 35 ] .
More recent publications have investigated the possibility that an endonasal endoscopic approach to the odontoid, which passes through the back of the nasopharynx and sphenoid sinus, may be advantageous and serve as a valid alternative to the conventional transoral approach [ 19 , 24 , 36 ] . Endonasal endoscopic odontoid resection provides a direct, minimal access approach to the odontoid process, with the potential for equivalent cervicomedullary decompression, increased preservation of normal functional anatomic structures, and reduction in the overall incidence of complications when compared with traditional transoral methods. To better characterize the role of an endoscopic approach in the management of cervicomedullary compression, we undertook a systematic review of the available literature, which consists of small case series and case reports.
Materials and methods

Study selection
We performed a literature search by using the Ovid gateway of the MEDLINE database between 1950 and 2010. The following keywords were queried singly and in combination: odontoid, resection, odontoidectomy, endoscopic, transoral, outcome, skull base, and surgery. The search was limited to studies published in English, and humans were specified as the study category. The PRISMA flow diagram for our search is outlined in Figure 1 .
Eligibility criteria were limited by the nature of the existing literature on this topic, which consists of only case series and case reports. All publications examining outcomes following odontoid resection were selected, whereas editorials, commentaries, and review articles were not. To avoid duplication of patients, in the case where multiple articles were published from the same authors or the same institution, only the report with the largest relevant cohort was included. A manual search for manuscripts was also conducted by scrutinizing references from identified manuscripts, major neurosurgical journals and texts, and personal files. The date of last search was December 2010.
Data extraction
Included studies were reviewed and carefully scrutinized for study design, methodology, patient characteristics, and primary findings. The total number of patients for each study was extracted and divided into cohorts according to pathologic features and treatment strategy. Data for all patients were recorded when available including mean age, sex, pathology, preoperative signs and symptoms, previous surgery, and operative approaches. Postoperative complications including soft palate resuturing, tracheostomy, velopharyngeal insufficiency, atlanto-occipital instability or dislocation, wound dehiscence, wound infection, cerebrospinal fluid (CSF) leak, meningitis, and gastrostomy (PEG) tube placement were also recorded. Clinical outcomes were classified into " ' improved " , " ' stable " , or " deteriorated " groups and compared between transoral and endoscopic cohorts. The assessment of clinical outcome was based on subjective patient assessment. As the series in this review included case series and case reports only, the assessment of bias was made only on the outcome level rather than at the individual study level.
Statistical analysis
Data from the individual studies were combined by cohort and then compared. Statistical analyses of categorical variables were carried out by using χ 2 and Fisher ' s exact tests as appropriate. For nonparametric data, a Mann-Whitney U -test was used. Individual analysis of heterogeneity was not carried out as there was a significant difference between cohorts and reported outcomes. P-values of ≤ 0.05 were considered statistically significant. 
Results
Study selection
A total of 61 published studies were identified through our initial MEDLINE database search. After careful scrutiny of these studies, 21 were rejected from our review because they did not include original data, were purely anatomical studies, did not report outcomes, or did not differentiate transoral outcomes from a cohort that included a mixture of approaches. Thirty-two studies reported outcomes for transoral microscopic resection, and eight studies reported outcomes for endonasal resection. The endonasal group includes unilateral transnasal, bilateral transnasal, and expanded endonasal approaches. Two recent case reports from our institution were also included [ 24 , 26 ] . A total of 40 studies and 764 patients were included in this review.
Study characteristics
Characteristics and primary findings of the 32 transoral surgery studies included in this review are summarized in Table 1 . Regarding study design, 24 articles were retrospective [ 7-10 , 15 , 17 , 20 , 22 , 23 , 28 -32 , 34 , 38 -44 , 46 , 47 ] , two were prospective [ 11 , 13 ] , one combined prospective and retrospective data [ 14 ] , and five were case reports [ 3 , 18 , 21 , 25 , 37 ] . There were no randomized controlled trials. Characteristics and primary findings of the eight endonasal studies included in this review are summarized in Table 2 . There were three retrospective series [ 16 , 36 , 45 ] and five case reports [ 12 , 19 , 24 , 26 , 27 ] .
Patient characteristics
Patient characteristics of the transoral and endonasal cohorts are reported in Table 3 and Figure 2 . In the transoral cohort, there were 745 patients (17.6% men), with age range 2 -89 years (mean 37.0) and follow-up range 1 -58 months (mean 37.3). Basilar invagination was present in 203 cases (27.2%), rheumatoid cranial settling in 46 (6.2%), craniocervical junction malformations in 459 (61.6%), Chiari malformations in 12 (1.6%), atlantoaxial dislocation in 12 (1.6%), and other pathologies (including extradural tumor and trauma) in 13 ( Figure 2 ).
In the endonasal cohort, there were 19 patients (31.6% men), with age range 11 -96 years (mean 56.0) and follow-up range 2 -18 months (mean 5.4). Basilar invagination was present in 4 cases (21.1%), rheumatoid cranial settling in 11 (57.9%), craniocervical malformations in 2 (10.5%), and Chiari malformations in 2 (10.5%). Presenting signs and symptoms included neck pain in 83.3% of the cases in which it was reported (5 of 6), cervical myelopathy in 83.3% (15 of 18), cerebellar signs in 100% (2 of 2), swallowing difficulty in 53.8% (7 of 13), and sensory disturbances in one reported case (100%). Previous surgery was reported in three studies in three fourths of the patients (75%).
Anterior fusion in the same procedure as odontoid resection was reported in 15 of 277 cases (5.4%) in the transoral cohort and no patients in the endonasal cohort. Posterior fusion in the same procedure or planned fusion in the same hospital stay as the odontoid resection was reported in 175 of 318 cases (55.0%) in the transoral group and six of 10 cases (60.0%) in the endonasal group. Soft palate incision was employed in 88 of 262 cases (33.6%) in the transoral group and no cases in the endonasal group.
The two cohorts did not differ significantly in terms of age or sex. Patients in the endonasal group had a significantly higher rate of previous surgery (P = 0.003). There was a significantly higher percentage of patients with craniocervical junction malformation (P < 0.001) and Chiari malformation (P = 0.004) in the transoral group and a significantly higher percentage of patients with rheumatoid cranial settling in the endonasal group (P < 0.001). There was a significantly higher percentage of patients with swallowing difficulties in the endonasal group (P = 0.020), but there was no significant difference between groups in other presentation characteristics. There was a significantly higher percentage of patients requiring soft palate incision in the transoral group (P = 0.005). The transoral cohort had a longer follow-up.
Outcomes
Operative outcomes and complications in the transoral and endonasal cohorts are reported in Table 4 and Figure 3 . Table 1 Characteristics of transoral odontoid resection studies.
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Study design
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Extent of resection
In the transoral cohort, complete odontoid resection was reported in 29 studies and occurred in 97.7% of the patients (427 of 437). The incidence of subtotal resection ( > 80% -90%) was 2.3% (10 of 437). In the endonasal cohort, gross total resection was reported in eight studies and occurred in 100% of the patients (19 of 19). Complete odontoid resection was not significantly different between the cohorts.
Intraoperative complications
In the transoral cohort, intraoperative bleeding was reported in 12 studies and occurred in two of 57 patients (3.5%). Intraoperative CSF leak occurred in eight of 145 patients (5.5%) in 12 studies. In the endonasal cohort, there were no occurrences of bleeding among 23 patients in eight studies and two episodes of CSF leak among 16 patients (12.5%) in six studies. There was no significant difference in intraoperative complications between the transoral and endonasal groups.
Postoperative complications
In the transoral cohort, reoperation for soft palate resuturing was required in six of 99 patients (6.1%) in 12 studies. Postoperative tracheostomy was required in 3.8% of patients (3 of 78) in seven studies. Velopharyngeal insufficiency occurred in 4.0% of patients (14 of 351) in 14 studies. Atlanto-occipital instability was reported in 10 studies and occurred in two of 77 patients (2.6%). Wound dehiscence was reported in 3.0% of patients (13 of 440) in 13 studies, and wound infection occurred in 2.0% of patients (12 of 587) in 19 studies. CSF leak occurred in 1.7% of cases (7 of 407) in 14 studies, with meningitis occurring in 1.0% of cases (4 of 391) in 15 studies. Gastrostomy tube placement was required in 14.8% of patients (13 of 88) in 11 studies. Perioperative mortality occurred in 13 of 571 cases (2.3%) in 21 studies ( Figure 3 ). In the endonasal cohort, there were no cases of soft palate repair, atlanto-occipital instability, wound dehiscence, wound infection, CSF leak, or meningitis. Postoperative tracheostomy was required in 16.7% of cases (3 of 18) in seven studies. Velopharyngeal insufficiency occurred in 12.5% of cases (2 of 16) in six studies. Gastrostomy tube placement was required in 18.8% of cases (3 of 16) in six studies. Perioperative mortality occurred in 5.6% of cases (1 of 18) in seven studies. Time to extubation was recorded in nine studies in 379 patients in the transoral group. The mean time to extubation was 3.58 days (range: 1 -60 days). In the endonasal group, time to extubation was recorded in five studies in seven patients. Four patients were extubated on the day of surgery, and average time to extubation was 0.43 days (range 0 -1 days). In the transoral group, time to recommencement of oral feeding was reported in nine studies in 368 patients. Mean time to oral feeding was 5.24 days (range 2 -7 days). Time to oral feeding in the endonasal group was reported in five studies and averaged 3.86 days (range 0 -21 days).
There was no significant difference in postoperative complications between the endonasal and transoral groups. The time to extubation was significantly shorter in the endonasal than the transoral group (P < 0.0001). Time to oral feeding was likewise significantly shorter in the endonasal group (P = 0.025).
Clinical outcome
Improved clinical outcomes were reported in 247 of 337 patients (73.3%) in the transoral group and 19 of 19 patients (100%) in the endonasal group. In the transoral cohort, no clinical change from preoperative status was 
Discussion
Odontoidectomy may relieve cervicomedullary compression resulting from numerous conditions, including congenital malformations, dens fractures, rheumatoid arthritis, and degenerative disease. A ventral surgical approach to this location, passing through the oropharynx, presents an alternative to the traditional transoral trajectory that employs an operating microscope. This approach relies on a midline incision of the pharyngeal wall using a mouth retractor, an incision in the back of the oropharynx, often requiring soft palate splitting, hard palate resection, and a lengthy recovery of normal respiration and alimentation with increasing infection rate and potential tracheostomy. The endonasal endoscopic approaches for the management of odontoid lesions have been recently described by a number of groups [ 19 , 24 , 26 , 36 ] . This technique passes through the back of the nasopharynx and sphenoid sinus to reach the anterior cervical spine and base of the clivus, which, in theory, should minimize the risk of damage to the oropharynx during dissection. Endoscopic illumination may also provide greater detail and visibility than the operating microscope in certain situations. To acquire a more complete understanding of the suitability of a minimal access ventral approach for cervicomedullary decompression, we undertook a systematic review of the current literature.
Transoral surgery for odontoidectomy has been investigated extensively. Fang and Ong [ 10 ] first described the use of transoral surgery for the treatment of atlantoaxial pathology in 1962, with a high rate of pharyngeal wound infection, vertebral artery damage, and laryngeal dysfunction related to tracheostomy. Menezes et al. [ 32 ] subsequently proposed a classification of pathology at the cervicomedullary junction aimed at guiding surgical practice, and they have applied this in a number of case series over the past 30 years [29] [30] [31] . According to this classification system, lesions are first categorized into reducible and irreducible lesions on the basis of potential for restoration of normal anatomical relationships at the craniocervical junction. Reducible abnormalities without compression do not require operative management. Irreducible abnormalities have traditionally been approached from the direction of compression: cases of ventral compression undergo an anterior approach, whereas cases of dorsal compression undergo a posterior approach. Posterior occipitoaxial fusion may be employed for stabilization following either transoral or posterior decompressive surgery.
Larger retrospective cohorts have reproduced the success rates of early series, with lower operative morbidity [ 14 , 15 , 20 , 23 , 29 , 30 ] . In a series of 53 consecutive cases, Hadley et al. [15] utilized rubber catheters and a flexible endotracheal tube to obviate the need for tracheostomy or soft palate incision. Using this technique, it is possible to expose the upper part of the clivus only with splitting of the soft palate and posterior hard palate [ 29 ] . The usual exposure is limited caudally by the C2 -C3 interspace, but with median glossotomy and mandibulotomy it is possible to extend the exposure to the C4 vertebral body. Despite the extensive exposure required by this approach, minimization of postoperative complications such as CSF leak, meningitis, and velopalatine incompetence may be possible in experienced hands.
Endonasal odontoidectomy has been investigated in a more limited fashion. A number of anatomical studies pioneered the feasibility of the endonasal approach to the anterior craniocervical junction. Alfieri et al. [ 1 ] first described the approach in 2002. These investigators found that an endonasal paraseptal approach allowed wide operative visualization of the middle clivus, anterior portion of C1, and dens, but was limited caudally by C2. In nine cadaveric specimens, Baird et al. [ 2 ] compared endonasal, transoral, and transcervical endoscopic approaches with respect to the adequacy of anterior craniocervical decompression. They found that the working distance was shortest for the endonasal approach, with wide working angles achievable by using both endonasal and transoral endoscopic approaches. Lower clivus decompression was not possible by using an anterior transcervical approach. Messina et al. [ 33 ] described a standard endonasal approach by using a rigid 0-degree endoscope in 2007, which was extended by Cavallo et al. [ 4 ] to both nostrils by removing the right middle turbinate, displacing the opposite middle turbinate laterally, and removing the posterior portion of the septum. In this way, the anterior surface of the craniocervical junction was exposed with direct access to the dens from above.
In general, endonasal approaches to the odontoid have been advocated for more targeted resection with potential partial preservation of the anterior C1 ring [ 1 , 2 ] . On the basis of these anatomical studies, the endonasal approach has been described as most useful for disease involving the clivus and odontoid primarily, the transoral approach may be best suited to pathology from the lower clivus to the body of C2, and the transcervical approach for basilar invagination without clival involvement [ 1 ] .
Clinical articles have focused on operative technique, with early case reports emphasizing the feasibility of treating these lesions endonasally. Kassam et al. [ 19 ] first described the expanded endonasal approach in a patient with rheumatoid arthritis and progressive craniocervical junction compression and demonstrated the feasibility of complete odontoid removal by using this approach. Since then, a number of other case reports of endonasal odontoid resection have been described. These include a case of rheumatoid-associated basilar invagination occurring after a prior posterior atalantoaxial fusion [ 12 ] , atlantoaxial instability in a child with Down syndrome [ 27 ] , osodontoideum following childhood trauma [ 26 ] , and basilar invagination in juvenile rheumatoid arthritis in a nonachondroplastic dwarf [ 24 ] .
Nayak et al. [ 36 ] reported complete resection in the largest series using the endonasal approach described to date. From a cohort of nine patients with rheumatoid cranial settling, two patients required postoperative tracheostomy for respiratory failure, three patients required postoperative gastrostomy tube placement related to pharyngeal morbidity, and there were two cases of transient velopharyngeal incompetence. All the instances of postoperative PEG tube placement and velopharyngeal incompetence in the literature to date come from this study. In three patients with basilar invagination, Wu et al. [ 45 ] reported a endonasal transclival technique to craniocervical decompression. Because of the extent of pathology and angle of the approach, removal of a portion of the lower clivus was necessary to visualize the tip of the odontoid process.
Taken together, the results of our systematic review indicate that the endonasal technique is a safe and effective alternative to traditional transoral surgery. The endonasal approach is unlikely to require soft palate incision or operative tracheostomy, which occurred in 54.9% of the patients in the transoral cohort. The endonasal approach was also safe, with similar rates of postoperative complications. There was a higher rate of postoperative tracheostomy in the endonasal group, though it was not significant (P = 0.0776). The postoperative tracheostomy data in the endonasal cohort come from two studies. In Nayak ' s series [ 36 ] , two out of nine patients required postoperative tracheostomy; in both cases, the authors felt that considerable preoperative pharyngeal morbidity contributed to the need for postoperative tracheostomy, rather than the surgical intervention itself. The other study was a recent report by Hankinson et al. [ 16 ] , in which postoperative tracheostomy was required in one case of respiratory arrest due to oversedation, unrelated to the surgical approach. The average time to extubation was significantly shorter in the endonasal group (0.4 days vs. 3.6 days; P < 0.0001), with the majority of patients being extubated on the day of surgery. Likewise, the endonasal group had a significantly shorter time to the resumption of oral feeding on average (3.9 days vs. 5.4 days; P = 0.0025). These results indicate that the endonasal approach may cause less trauma to the retropharyngeal tissue on account of the superior-toinferior approach. Mucosal incisions are in the nasopharynx rather than the oropharynx, which greatly improves normal oropharyngeal function after surgery. Rapid extubation and feeding, in turn, contribute to an overall shorter morbidity, more rapid mobilization, and discharge from the hospital. Although these latter outcome measures were not systematically measured, future studies should concentrate on such parameters, which may indicate that the endonasal approach can also reduce overall costs of treatment.
Limitations
The interpretation of these results is subject to a number of limitations. The endonasal cohort had a greater percentage of patients with rheumatoid cranial settling while the transoral cohort had a greater percentage of patients with craniocervical junction malformations. The reasons for these differences in case selection remain unclear. In addition, the endonasal cohort had a greater percentage of patients with preoperative swallowing disturbances and a higher rate of previous surgery. Considering postoperative dysphagia to be a potential complication following a transoral approach, it is possible that an endonasal approach was elected in these patients to minimize the need for postoperative gastrostomy tube placement. Addressing these limitations would require a randomized study that controlled for preoperative clinical characteristics. Unfortunately, such a study will likely never be done. Despite these limitations, however, our results indicate that endonasal odontoidectomy is very safe, with the ability to achieve a complete lesion resection in carefully selected patients.
Other limitations include the small size and short follow-up period of the endonasal cohort. The existing endonasal literature is composed of only 19 patients with an average follow-up of 5.4 months. As a result, the more favorable clinical outcome reported may be a product of publication bias and largely influenced by the significantly longer patient follow-up. The interpretation of these results is limited by this unquantified level of bias and makes our systematic review a synthesis of Level 3 evidence only. Hence, our conclusions with regard to this end point should not be used for clinical decisionmaking.
Conclusions
Cervicomedullary compression due to lesions of the odontoid may be safely and effectively treated via an endo-nasal endoscopic surgical approach. In our systematic analysis, endonasal approaches had an equivalent rate of complete resection, with a significantly lower rate of soft palate incision, low rates of postoperative complications, and a shorter time to extubation and oral feeding compared with transoral surgery. There was a significantly higher percentage of patients with improved outcome in the endonasal cohort. Cohort differences and short follow-up periods limit the application of these results; an endoscopic approach should be considered only in certain well-selected patients and where a surgical team with appropriate experience using an endoscopic approach is in place. The question of long-term efficacy of endonasal endoscopic odontoidectomy remains to be investigated in studies with longer follow-up.
